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Description 

[0001] The compound 1-imidazoly]methyi-2-naphthol is known. See, for example, Journal of Chemical Society, 
(1970), p. 1157-1161 However, use of said compound in conjunction with epoxy resins is not known. 
[0002] Other types of imidazole catalysts and accelerators for use in conjunction with epoxy resins are known in the 
art and are widely used in many appiications. Such imidazofe compounds impart fast curing and a good balance of 
mechanical and thermal properties to the cured resins. See, for example, Lee and Nevili, SPE Journal, vol. 16, p. 315 
(1960) and Farkas and Strohm, Journal of Applied Polymer Science, vol. 12, pp. 159-168 (1968). 
[0003] The above-described known imidazoles, however, have certain drawbacks which limit their industrial use. For 
example, the known mixtures comprising polyepoxides and imidazoles (such as imidazole, 1-methylimidazofe, 2-meth- 
ylimidazole, 2-ethyl-4-methylimidazole, or 2-phenylimidazole) set up rapidly inasmuch as pot life at ambient tempera- 
ture does not normally exceed 4-6 hours. Due to this short gel time, such compositions cannot readily be used in 
modern automated processes where a much greater stability is desirable, while at the same time, maintaining the 
ability of the resin to fast cure (i.e., a gel time of 0.5-5 minute) at the processing temperature. 
[0004] Attempts have been made in the past to solve the above-described problem. For example, U.S. Patent Nos. 
3,356,645 and 5,001,212 teach a method of reducing the reactivity of imidazoles by formation of salts with organic and 
inorganic acids. But, in this case, only a slight increase in pot life is achieved, i.e., up to one week, which is still unac- 
ceptable for industrial standards. 

[0005] Another approach is found fn U.S. Patent Nos. 3,638,007; 3,792 3 01 6; 4, 101,514; and 4,487,914, which teach 
the formation of complexes of imidazoles with metal salts. However, in cases where a reasonable pot life is obtained 
in accordance therewith, it becomes necessary to increase the curing temperature to above 150°C, which temperature 
is undesirable for industrial applications. Further, contamination of cured resins with the metals used to form the complex 
commonly causes an increase in water absorption which in turn has a negative effect on dielecirical properties. 
[0006] Therefore, the principal object of the instant invention is to provide an imidazole-type catalyst for use in con- 
junction with epoxy resin systems which substantially eliminates the disadvantages encountered with prior art materials 
and the method of use of such catalyst. 

[0007] It is another object of the present invention to provide an imidazole/resin system where polymerization is 
initiated within 1-2 minutes and is complete in 3-15 minutes at a temperature of from 110-150°C in order to facilitate 
automated processing of the resin compositions. 

[0008] it is a further object of the invention to provide such an imidazole/resin system without any substantial adverse 
impact on the thermal and mechanical properties thereof. 

[0009] Various other objects and advantages of this invention will become apparent from the following description. 
[0010] It has now surprisingly been discovered thai addition of l-imidazolylmethyl-substituted 2-naphthol compounds 
to epoxy resins in accordance with the present invention improves the storage stability of the resins while maintaining 
a fast curing time at moderate temperatures in the range of 110M50°C. Therefore, use of the imidazole derivatives 
in accordance with the present invention provides an epoxy resin system which can be stored at room temperature for 
prolonged periods of time (i.e., a longer pot life) without adverse effects on curing time. 

[0011] Furthermore, addition of the instant imidazolyf naphthol compounds to the resin system surprisingly improves 
mechanical properties and decreases water absorption with improved retention of modulus under hot/wet conditions. 
These improvements allow, for example, a longer service life of composites, structural parts and adhesives made from 
epoxy resins, which greatly decreases costs associated with repair and replacement. 

[0012] The present invention relates to a storage-stable and fast curing epoxy resin and cured products made there- 
from in which the curing catalyst is a l-imidazolylmethyl-substituted-2- naphthol compound. 

[0013] In general, the term "storage-stable" is to be understood in the practical sense for solid epoxy resins as being 
greater or equal to six months storage stability at ambient temperature. For liquid epoxy resin compositions, "storage- 
stable" can be defined in the practical sense as having a pot life of two weeks or longer at ambient temperature. Stability 
can be measured by viscosity, melting point, gel time or reproducibility of cured resin properties after storage. 
[0014] The term "fast curing" means, as to be generally understood herein, that curing is effectivated completely or 
nearly completely, in a few minutes or less at a moderate processing temperature, which is normally on the order of 
about 11 0-1 50°C. 

[0015] More particularly, the instant invention pertains to a storage-stable, fast curing epoxy resin composition com- 
prising 

A) an epoxy resin; and 

B) an amount in the range of from 2-25 parts by weight, per 100 parts of component (A), of a compound of formula (3) 
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wherein 

R 1 , R 2 and R 3 are each independently of the other hydrogen; alky! of 1 to 12 carbon atoms; cycloalkyl of 3 to 
12 carbon atoms, or said cycloalkyl substituted by alkyl groups of 1 to 4 carbon atoms; cycloalkyl-alkyl of 4 to 
20 20 carbon atoms, or said cycloalkyl-alkyl substituted by alkyl groups of 1 to 4 carbon atoms; aryf of 6 to 10 

carbon atoms, or said aryl substituted by 1 to 3 alkyl groups of 1 to 4 carbon atoms; phenylalkyl of 7 to 15 
carbon atoms, or said phenylalkyl substituted by 1 to 3 aikyl groups of 1 to 4 carbon atoms; aikenyl of 3 to 12 
carbon atoms; alkynyl of 3 to 12 carbon atoms; aromatic or aliphatic acyl group of 3 to 12 carbon atoms; or 
alkyl or aryl of 3 to 12 carbon atoms containing a cyano group or halogen; and 

25 

R 4 , R 5 , R 6 , R 7 , R 8 and R 9 are each independently of the other hydrogen; alkyl of 1 to 12 carbon atoms; 
cycloalky! of 3 to 12 carbon atoms, or said cycloalkyl substituted by alkyl groups of 1 to 4 carbon atoms; 
cycloalkyl-alkyl of 4 to 20 carbon atoms, or said cycloalkyl-alkyl substituted by alkyl groups of 1 to 4 carbon 
atoms; aryl of 6 to 10 carbon atoms, or sard aryl substituted by 1 to 3 alkyl groups of 1 to 4 carbon atoms; 
so phenylalkyl of 7 to 15 carbon atoms, or said phenylalkyl substituted by 1 to 3 alkyl groups of 1 to 4 carbon 

atoms; aikenyl of 3 to 12 carbon atoms; alkynyl of 3 to 12 carbon atoms; halogen; afkoxy of 1 to 12 carbon 
atoms; or hydroxy. 

[0016] Applicable as epoxy resins in the present invention is any epoxy resin, including epoxy resins of the liquid 
35 type and of the solid type. For example, component (A) can be an epoxy resin selected from the group consisting of 
the glycidyl ethers of polyhydric phenols, of aliphatic or cycioaliphatic alcohols, of 4 f 4'-dihydroxydiphenyl sulfone, of 
dihydroxynaphthafene; of the condensation products of phenols or cresols with formaldehyde; the glycidy! ethers of 
halogenated mono-, di- or polynuclear phenols; glycidylated amines, aminophenols and amides; glycidylated polyacids; 
cycioaliphatic epoxy resins having epoxy groups attached to cycfohexane or cyclopentane rings; and mixtures thereof. 
40 Preparation of epoxy resins is well-known in the art. 

[0017] Preferably, component (A) is an epoxy resin based on the diglycidyl ether of bisphenol A T the diglycidyl ether 
of bisphenol F, the diglycidyl ether of hydroquinone, of resorcinol, of catechol, of 2,5-dihydroxynaphthalene or of 9,9-bis 
(4-hydroxyphenyl)fiuorene; the tetraglycidyi ether of S.S^'^'-tetramethyl-l^'-spirobisindane-S^'^.e'-tetraol; the tet- 
raglycidyl derivatives of methylenedianiline, of m-phenylenediamine, of l^-difct.a-dimethyl^-methyM-ami no benzyl) 
45 benzene or of S.S'-diethyl^^'-diaminodiphenylmethane; the trig lycidyf derivatives of 4-aminophenol or3-methyl^4-ami- 
nophenol; the diglyciyl derivative of aniline; di(2-glycidyloxy-1~naphthyl) methane, di{2,5-diglycidyloxy-1-naphthyl) 
methane or 2-glycidyloxy'1-naphthyl-2 1 ,5 1 d[glyddy!oxy-1 1 -naphthyl-methane. 

[0018] Most preferably, component (A) is the epoxy resin of the diglycidyl ether of bisphenol A, the diglycidyl ether 
of bisphenol F, or the polyglycidyl ethers of the condensation products of phenols or cresols with formaldehyde. 

50 [0019] Preferably, in component (B), R 1 r R 2 and R 3 are each independently of the other hydrogen; alkyl of 1 to 12 
carbon atoms; phenyl; or phenylalkyl of 7 to 15 carbon atoms optionally substituted bly 1 to 3 alkyl groups of 1 to 4 
carbon atoms. More preferably, R 1 , R 2 and R 3 are each independently of the other hydrogen; alkyl of 1 to 8 carbon 
atoms; phenyl; or phenylalkyl of 7 to 15 carbon atoms optionally substituted by 1 to 3 alkyl groups of 1 to 4 carbon 
atoms. Even more preferably, R 1 , R 2 and R 3 are each independently of the other hydrogen; alkyl of 1 to 4 carbon 

55 atoms; or phenyl. The most preferred compounds are 1-(2-methylimiciazolylmethyf)-2-naphihol; 1-(2-ethyl-4-methyi~ 
i m idazolylmethyl )-2-naphthol ; 1 -( 2-propyl imid azoly! methyl )-2-naphthol a nd 1 -(2-phenyl i midazoly I methyl)-2-naphthol . 
[0020] The 1-imidazolylmethyl-2-naphthols of the instant invention may be synthesized according to methods which 
are known in the art, for example, by condensation of 2-rcaphtho!s with imidazoles and formaldehyde according to the 
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following reaction scheme: 
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This route is preferred since the end product can be obtained in one step from starting materials which are commercially 
available. Such an analogous synthesis is described, for example, in Vogei's Textbook of Practical Organic Chemistry, 
Longman House, London, 1984. 

[0021] Another possible preparative method for the 1 -imidazolylmethyl-2-naphthols of the instant invention involves 
20 exchange of the dimethylamino group of a starting 1-dimethylaminomethyl-2-naphtho! compound according to the 
following scheme: 



25 



30 



35 




Such synthesis is described in J. Chem. Soc. (1970), discussed supra. 

[0022] In accordance with the instant invention, the isolated l-imidazolylmethyl-2-naphthol compound is added to 

40 and blended with an epoxy resin, such as described hereinabove, in about the range of 2 parts by weight to 25 parts 
by weight, per 100 parts of the epoxy resin. Preferably, the addition is made in about the range of 2 parts by weight to 
15 parts by weight, and most preferably in about the range of 3 parts by weight to 6 parts by weight. If the epoxy resin 
is liquid, blending may be accomplished by simple agitation. If the epoxy resin is a solid at room temperature, blending 
may be accomplished by heating the epoxy resin to its softening point and melt-biending. 

45 [0023] 1-(2-Methylimidazolylmethy!)-2-naphthol has been found to be an especially effective catalyst for epoxy res- 
ins, said catalyst providing prolonged room-temperature pot-life, enhanced storage stability and fast curing at moderate 
temperatures of 11 0°-1 50° C. More specifically, said catalyst is particularly effective for sol id epoxy resins having melting 
points (i.e., softening points) above 60°C. Said catalyst is especially suitable for epoxy resins made from bisphenol A 
and epoxy resins based on the condensation products of phenols and cresols with formaldehyde, said resins having 

50 a molecular weight of from about 1 ,000 to about 1 ,500. 

[0024] For example, it has been discovered that 1-(2-methylimidazolylmethy])-2-naphthol, which is insoluble in epoxy 
resins at room temperature, increases the pot life of catalyzed liquid epoxy resins to at least as great as three to four 
weeks when a dispersion thereof is formed. Likewise, when said catalyst is melt mixed into solid epoxy resins, storage 
stability of the resulting composition at room/temperature is at least 1 .5 years, 

55 [0025] Surprisingly, the insolubility of imidazolylmethyl-2-naphthols in epoxy resins does not interfere with fast curing 
at temperatures of 110°C and above. Moreover, the cured resins have comparatively high glass transition temperature 
(Tg) and good mechanical properties with low water absorption and high retention of modulus under hot/wet conditions. 
[0026] Therefore, use of 1-imidazolylmeihyl-2-naphthol compounds in accordance with the present invention pro- 
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duces epoxy resin compositions which can be stored at room temperature without adverse effects to processing con- 
ditions, provides fast curing at moderate temperatures and results in materials with improved properties. These im- 
provements are extremely desirable characteristics for processing due to better ability to handle the resins with no 
interference with curing time, which in turn, leads to reduced cost. 
5 [0027] In accordance with the present invention, the 1-imidazolyfmethyf-2-naphthol catalysts described herein are 
useful in any epoxy resin application, including use in adhesives, encapsulation and powder coatings. Techniques for 
preparing end products in such applications are well known to those skilled in the art. 

[0028] The 1-imidazofylmethy!-2-naphtho] compounds in accordance with the present invention may also be used 
as latent accelerators in conjunction with known curing agents for epoxy resins such as dicyandiamide, phenol- or 

to cresol-formaldehyde resins, aromatic polyamines, anhydrides, etc. That is, curing of an epoxy resin with known curing 
agents can be accelerated without reducing pot life or storage stability of the epoxy resin compositions. 
[0029] The epoxy resin compositions in accordance with the instant invention may also further comprise any con- 
ventional additive normally associated with epoxy resin formulations such as accelerators, plasticizers, tougheners, 
flexibilizers, pigments, reinforcing agents, and/or fillers. 

is [0030] The following examples illustrate the preferred embodiments of the present invention and are intended for 
non-limitative purposes. In the examples, ail parts are given by weight unless otherwise indicated. 

Example 1 : 1-(2-Methylimidazolylmethyl)-2-naphthoi 

20 [0031] This example illustrates the preparation of a typical 2-imidazofylmethyl naphthol catalyst. 

[0032] To a solution of 2-methylimidazole {82.1 g, 1 mole) and 2-naphthol (144.0 g, 1 mole) in isopropanol (400.0 
g), formaline (37% aqueous solution, 1 mole of CH 2 0) is added over a period of 30 minutes at room temperature. 
Thereafter, the reaction mixture is agitated for 30 minutes at room temperature, followed by agitation at 80-84° C for 
four hours. The mixture is then cooled and filtered. The filtrate is triturated and dried in vacuo at 60°C. The product (a 

25 white powder) is obtained in a yield of 92% with a melting point of 207° C, as determined by Differential Scanning 
Calonmetry (DSC). 



Analysis: 


Calcdfor C 15 H 14 N 2 0 




75.6; 


H, 5.9; 


N, 118. 


Found 


j C ' 


75.5; 


H, 5.9; 


N, 116. 



Example 2 : 1 -{2-Ethyf-4-methylimidazolylmethyl)-2-naphthol 

35 [0033] To a 35% solution of 2-ethyi-4-methyl imidazole (110g, 1 mole) and 2-naphthol (144g, 1 mole) in isopropanol, 
formaline (37% aqueous solution, 1 mole of CH 2 0) is added over a period of 15 minutes at room temperature, followed 
by three hours of refluxing at 82-84° C. The product (a white powder) is obtained in a yield of 85%, with a melting point 
of 1 66°C. 



Analysis: 


Calcdfor C 17 H 18 N 2 0 


I c. 


76.7; 


H, 6.8; 


N, 10.5. 


Found 


! c, 

■ 


76.5; 


H, 6.9; 


N, 10.3. 



Example 3 : 1-(2-phenylimidazolyimethyl)-2-naphthol 

[0034] Toa 30% solution of 2-phenyl imidazole (144g, 1 mole) and 2-naphthol (144 g, 1 mole) in isopropanol, formaline 
(37% aqueous solution, 1 mole of CH 2 0) is added over a period of 30 minutes at room temperature, followed by six 
hours of refluxing at 82-84°C. The product (270 g of a white powder) is obtained in a yield of 90%, 



Analysis; 


Calcd for C 20 H 16 N 2 O 


! c, 


80.1; 


H, 5.3; 


N,9,3. 


Found 


| c, 


80.3; 


H, 5.5; 


N, 9.2. 



55 

Example 4 : 



[0035] This example illustrates the preparation and curing of typical liquid epoxy resin composition in accordance 
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with the present invention. 

[0036] Liquid GY 6010 epoxy resin (100.0 g) (digJycidyl ether of bisphenol A from Ciba-Geigy Corporation, epoxy 
equivalent weight of 185-196) is mixed with the imidazolyimethyl-2-naphthoI compound of Example 1 (5.0 g). The 
resultant mixture is folded on a two-roil mill at 20°C to obtain a homogeneous dispersion, which dispersion is subse- 
quently degassed, poured into an aluminum mold which is preheated to 130°C, and cured for 1 0 minutes at this tem- 
perature. The cured samples are tested for flexural modulus and strength in accordance with the test method ASTM 
D790. Dynamic mechanical analysis (DMA) is carried out with specimens having 3 x 12.5 x 30 mm in resonating 
doubleclamped beam mode at a heating rate of 10°C/min, The samples are tested for water absorption after 48 hours 
immersion in boiling water. The results are presented below in Table 1 

Comparative Example 5 : 

[0037] Liquid GY 6010 epoxy resin (100.0 g) Is mixed with IM-methyiimidazole (5.0g). The mixture is cured and tested 
in accordance with the methods set forth in Example 4. The results are presented below in Table 1. 



Table 1 



Properties of Epoxy Resin GY 6010 


Cured with 1-(2-methylimidazolylmethyl)-2-naphthof. 


Comparative Example is same epoxy resin cured with N-methy I imidazole 




Example 4 


Comparative Example 5 


Composition Pot Life at 25°C 


3 weeks 


6 hours 


Cured Resin T g (DMA), °C 


152 


156 


Water Absorption, % (48 hours boiling water) 


2.0 


3.1 


DMA Modulus, ksi 






RTDry 


411 


449 


80°CWet 


310 


285 


Retention, % 


75 


63 


100°CWet 


289 


262 


Retention, % 


70 


58 


RT FJexural 






Modulus, ksi 


370 


385 


Strength, ksi 


14 


14 


Strain, % 


5.1 


5.1 



[0038] As is evident from the above results, use of 1-(2-methylimidazolylmethyl)-2-naphthol as catalyst in an epoxy 
resin gives a much longer pot life (i.e., three weeks versus six hours), similar glass transition temperature (Tg) and 
similar mechanical properties, but with lower water absorption and better retention of modulus under hot/wet conditions. 

Example 6 : 

[0039] This example illustrates the preparation and curing of a typical solid epoxy resin composition in accordance 
with the present invention. 

[0040] Solid epoxy resin GT 7072 (diglycidyl ether of bisphenol A from Ciba-Geigy Corporation, epoxy equivalent 
weight of 550-700) is mixed in powder form with 1-(2-methylimidazolylmethyl)-2-naphthoL The resulting mixture is roll- 
milled at 70-75°C for five minutes to obtain a homogeneous mixture in a form of white flakes. 

Example 7 : 

[0041] A homogeneous mixture of epoxy cresol novolac ECIM 1299 (100 g) (pofygiycidyl ether of o-cresol novolac 
from Ciba-Geigy Corporation, epoxy equivalent weight of 235) and 1-(2-methylimidazo]yfmethyl)-2-naphthof (5.0 g) is 
prepared in accordance with the method described in Example 6. 

[0042] The samples of Examples 6 and 7 are tested by Differential Scanning Calorimeiry (DSC) in isothermal mode 
on model DSC 2910, available from DuPont. The results are set forth below in Table 2. 
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Table 2 



Example 


Curing 
Temperature, °C 


Complete Curing Time, Min. 


Tg of Cured Resin, °C 


Tested 
immediately after 
preparation 


Tested after 1 8 
months of storage 
at room 
temperature 


Tested 
Immediately after 
preparation 


Tested after 18 
months of storage 
at room 
temperature 


6 


120 


15 


14 


131 


131 




130 


10 


10 


132 


132 




140 


5 


5 


132 


132 


7 


130 


5 


5 


195 


194 




150 


2,5 


2.3 


199 


199 



[0043] As is evident from the above data, the compositions of Examples 6 and 7 are storage stable at room temper- 
ature. It Is particularly noteworthy that the uncured epoxy compositions in accordance with the instant invention show 
no change in reactivity after 18 months of storage as well as no change in Tg values after 18 months of storage for 
cured epoxy resin compositions in accordance with the present invention. 



Claims 

1 . A storage-stabfe, fast curing epoxy resin composition comprising 

A) an epoxy resin; and 

B) an amount in the range of from 2-25 parts by weight, per 100 parts of component (A), of a compound of 
formula (II) 




wherein 

R 1 , R 2 and R 3 are each Independently of the other hydrogen; afkyi of 1 to 12 carbon atoms; cycloalkyi of 
3 to 12 carbon atoms, or said cycloalkyi substituted by alky! groups of 1 to 4 carbon atoms; cycloalkyl- 
alkyl of 4 to 20 carbon atoms, or said cycloalkyl-alkyl substituted by alky] groups of 1 to 4 carbon atoms; 
aryl of 6 to 10 carbon atoms, or said aryf substituted by 1 to 3 alkyl groups of 1 to 4 carbon atoms; phe- 
nylalkyi of 7 to 15 carbon atoms, or said phenylalkyl substituted by 1 to 3 alky! groups of 1 to 4 carbon 
atoms; alkenyl of 3 to 12 carbon atoms; alkynyl of 3 to 12 carbon atoms; aromatic or aliphatic acyl group 
of 3 to 12 carbon atoms; or alkyl or aryl of 3 to 12 carbon atoms containing a cyano group or halogen; and 

R 4 , R 5 , R 6 , R 7 , R 8 and R 9 are each independently of the other hydrogen; alkyl of 1 to 12 carbon atoms; 
cycloalkyi of 3 to 12 carbon atoms, or said cycloalkyi substituted by alkyl groups of 1 to 4 carbon atoms; 
cycloalkyl-alkyl of 4 to 20 carbon atoms, or said cycloalkyl-alkyl substituted by alkyl groups of 1 to 4 carbon 
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atoms; aryf of 6 to 10 carbon atoms, or said aryl substituted by 1 to 3 alkyl groups of 1 to 4 carbon atoms; 
phenyiafkyl of 7 to 15 carbon atoms, or said phenylalkyl substituted by 1 to 3 alkyl groups of 1 to 4 carbon 
atoms; alkenyl of 3 to 12 carbon atoms; aikynyl of 3 to 12 carbon atoms; halogen; alkoxy of 1 to 12 carbon 
atoms; or hydroxy. 

2. A storage-stable, fast curing epoxy resin composition according to claim 1 wherein, in the compound of formula 
(II), R 1 , R 2 and R 3 are each independently of the other hydrogen; alkyl of 1 to 12 carbon atoms; phenyl; or phe- 
nylalkyl of 7 to 15 carbon atoms, or said phenylalkyl substituted by 1 to 3 alkyl groups of 1 to 4 carbon atoms. 

3. A storage-stable, fast curing epoxy resin composition according to claim 2 wherein, in the compound of formula 
(II), R 1 , R 2 and R 3 are each independently of the other hydrogen; alkyl of 1 to 12 carbon atoms; phenyl; or phe- 
nylalkyl of 7 to 15 carbon atoms, or said phenylalkyl substituted by 1 to 3 alkyl groups of 1 to 4 carbon atoms; and 
R 4 -R 9 are each hydrogen. 

4. A storage-stable, fast curing epoxy resin composition according to claim 2 wherein, in the compound of formula 
(II), R 1 , R 2 and R 3 are each independently of the other hydrogen; alkyl of 1 to 8 carbon atoms; phenyl; or phenylalkyl 
of 7 to 15 carbon atoms, or said phenylalkyl substituted by 1 to 3 alkyl groups of 1 to 4 carbon atoms. 

5. A storage-stabie, fast curing epoxy resin composition according to claim 4 wherein, in the compound of formula 
{!!), R 1 , R 2 and R 3 are each independently of the other hydrogen; alkyl of 1 to 8 carbon atoms; phenyl; or phenylalkyl 
of 7 to 15 carbon atoms, or said phenylalkyl substituted by 1 to 3 alkyl groups of 1 to 4 carbon atoms; and R*-R 9 
are each hydrogen. 

6. A storage-stable, fast curing epoxy resin composition according to claim 4 wherein, in the compound of formula 
(H), R 1 , R 2 and R 3 are each independently of the other hydrogen; alkyl of 1 to 4 carbon atoms; or phenyl, 

7. A storage-stable, fast curing epoxy resin composition according to claim 6 wherein, in the compound of formula 
(II), R 1 , R 2 and R 3 are each independently of the other hydrogen; alkyl of 1 to 4 carbon atoms; or phenyl; and R 4 - 
R 9 are each hydrogen. 

8. A storage-stable, fast curing epoxy resin composition according to claim 6 wherein, in the compound of formula 
(II), R 1 is alkyl of 1-3 carbon atoms or phenyl; R 2 and R 3 are each Independently of the other hydrogen or alkyl of 
1-3 carbon atoms. 

9. A storage-stable, fast curing epoxy resin composition according to claim 6 wherein, in the compound of formula 
(II), R 1 is alkyl of 1-3 carbon atoms or phenyl; R 2 and R 3 are each independently of the other hydrogen or alkyl of 
1-3 carbon atoms; and R 4 -R 9 are each hydrogen. 

10. A storage-stable and fast curing epoxy resin composition according to ciaim 9, wherein component (B) is 1-(2-meth- 
ylimidazolylmethyl)-2-naphthol. 

11. A storage-stable and fast curing epoxy resin composition according to claim 9, wherein component (B) is 1 -{2-ethyi- 
4-methylimidazolylmethyl)-2-naphtol. 

12. A storage-stable and fast curing epoxy resin composition according to claim 9, wherein component (B) is 1-(2-pro- 
pylimidazolylmethyl)-2-naphthol. 

13. A storage-stable and fast curing epoxy resin composition according to ciaim 9, wherem component (B) is 1-(2-phe- 
nylimidazolyl methyl )-2-naphthoi. 

14. A storage-stable and fast curing epoxy resin composition according to claim 1 wherein component (A) is liquid at 
room temperature. 

15. A storage-stable and fast curing epoxy resin composition according to claim 1 wherein component (A) is solid at 
room temperature. 

16. A storage-stable and fast curing epoxy resin composition according to claim 1 further comprising an accelerator, 
plasticizer, toughener, flexibilizer, pigment, reinforcing agent filler or a further curing agent. 
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17. The cured resin product obtained after curing the composition of claim 1 . 

18. A method of preparing a storage-stable, fast-curing epoxy resin composition which cures at a temperature of from 
about 110-150° , which method comprises adding to an epoxy resin from 2-25 parts by weight, per 100 parts of 

s epoxy resin, of a compound of formula (I) 



10 



15 




20 



v 7i 








R 7 


I* 



(D 



25 



30 



35 



wherein 

R 1 , R 2 and R 3 are each independently of the other hydrogen; alky! of 1 to 12 carbon atoms; cycloalkyl of 3 to 
12 carbon atoms, or said cycloalkyl substituted by alkyl groups of 1 to 4 carbon atoms; cycloalkyi-alkyl of 4 to 
20 carbon atoms, or sard cycloalkyi-alkyl substituted by alkyl groups of 1 to 4 carbon atoms; aryl of 6 to 10 
carbon atoms, or said aryl substituted by 1 to 3 alkyi groups of 1 to 4 carbon atoms; phenylalkyl of 7 to 15 
carbon atoms, or said phenylalkyl substituted by 1 to 3 alkyl groups of 1 to 4 carbon atoms; alkenyl of 3 to 12 
carbon atoms; alkynyl of 3 to 12 carbon atoms; aromatic or aliphatic acyl group of 3 to 12 carbon atoms; or 
afkyl or aryl of 3 to 12 carbon atoms containing a cyano group or halogen; and 

R 4 , R 5 , R 6 , R 7 , R 3 and R 9 are each independently of the other hydrogen; alkyl of 1 to 12 carbon atoms; 
cycloalkyl of 3 to 12 carbon atoms, or said cycloalkyl substituted by alkyl groups of 1 to 4 carbon atoms; 
cycloalkyi-alkyl of 4 to 20 carbon atoms, or said cycloalkyi-alkyl substituted by alkyl groups of 1 to 4 carbon 
atoms; aryi of 6 to 10 carbon atoms, or said aryl substituted by 1 to 3 alkyl groups of 1 to 4 carbon atoms; 
phenylalkyl of 7 to 15 carbon atoms, or said phenylalkyl substituted by 1 to 3 alkyl groups of 1 to 4 carbon 
atoms; alkenyl of 3 to 12 carbon atoms; alkynyl of 3 to 12 carbon atoms; halogen; aikoxy of 1 to 12 carbon 
atoms; or hydroxy. 
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Patentanspruche 

1. Lagerbestandige, schneii aushartende Epoxyharz-Zusammensetzung, die umfaftt 

A) ein Epoxyharz; und 

B) eine Verbindung der Formel (I) in einer Menge in dem Bereich von 2 bis 25 Gew.-Teifen auf 1 00 Gew.-Teife 
der Komponente (A): 
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worin becfeuten: 

R 1 , R 2 undR 3 jeweils unabhangig voneinander Wasserstoff; Alkyl mit 1 bis 12 KohlenstofFatomen; Cycfo- 
aikyl mit 3 bis 12 Kohlenstoffatomen oder das genannte Cycloalkyl, das durch Alkylgruppen mit 1 bis 4 
KohlenstofFatomen substituiert ist; Cycloalkyl-alkyl mit 4 bis 20 Kohlenstoffatomen oder das genannte 
Cycloalkyi-afky], das durch Alkylgruppen mit 1 bis 4 Kohlenstoffatomen substituiert ist; Aryl mit 6 bis 10 
Kohlenstoffatomen oder das genannte Aryl, das durch 1 bis 3 Alkylgruppen mit 1 bis 4 Kohlenstoffatomen 
substituiert ist; Phenylalkyl mit 7 bis 15 Kohlenstoffatomen oder das genannte Phenylalkyl, das durch 1 
bis 3 Alkylgruppen mit 1 bis 4 Kohlenstoffatomen substituiert ist; Alkenyl mit 3 bis 12 Kohlenstoffatomen; 
Alklnyl mit 3 bis 12 Kohlenstoffatomen; aromatfsches oder aliphatisches Acyl mit 3 bis 12 Kohlenstoffato- 
men; oder Alkyl oder Aryl mit 3 bis 12 Kohlenstoffatomen, das eine Cyanogruppe oder Halogen enthalt; und 
R 4 , R 5 , R 6 , R 7 , R 8 und R 9 jeweils unabhangig voneinander Wasserstoff; Alkyl mit 1 bis 12 Kohlenstoffato- 
men; Cycloalkyl mit 3 bis 12 Kohlenstoffatomen oder das genannte Cycloalkyl, das durch Alkylgruppen 
mit 1 bis 4 Kohlenstoffatomen substituiert ist; Cycloalkyl-alkyl mit 4 bis 20 KohJenstoffatomen oder das 
genannte Cycloalkyl-alkyl, das durch Alkylgruppen mit 1 bis 4 Kohlenstoffatomen substituiert ist; Aryl mit 
6 bis 10 Kohlenstoffatomen oder das genannte Aryl, das durch 1 bis 3 Alkylgruppen mit 1 bis 4 Kohlen- 
stoffatomen substituiert ist; Phenylalkyl mit 7 bis 15 Kohlenstoffatomen oder das genannte Phenylalkyl, 
das durch 1 bis 3 Alkylgruppen mit 1 bis 4 Kohlenstoffatomen substituiert ist; Alkenyl mit 3 bis 12 Kohlen- 
stoffatomen; AEkinyf mit 3 bis 12 Kohlenstoffatomen; Halogen; Afkoxy mit 1 bis 12 Kohlenstoffatomen; 
oder Hydroxy, 

Lagerbestandige, schnefl aushartende Epoxyharz-Zusammertsetzung nach Anspruch 1, wobei 
in der Verbindung der Formel (I) R 1 , R 2 und R 3 jeweils unabhangig voneinander stehen fGr Wasserstoff; Alkyl mit 
1 bis 1 2 Kohlenstoffatomen; Phenyl; oder Phenylalkyl mit 7 bis 1 5 Kohlenstoffatomen oder das genannte Phenyl- 
alkyl, das durch 1 bis 3 Alkylgruppen mit 1 bis 4 Kohlenstoffatomen substituiert ist. 

Lagerbestandige, schnefl aushartende Epoxyharz-Zusammensetzung nach Anspruch 2, wobei 
in der Verbindung der Formel (i)R 1 , R 2 und R 3 jeweils unabhangig voneinander stehen fur Wasserstoff; Alkyl mit 
1 bis 12 Kohlanstoffatomen; Phenyl; oder Phenylalkyl mit 7 bis 15 Kohlenstoffatomen oder das genannte Phenyl- 
alkyl, das durch 1 bis 3 Alkylgruppen mit 1 bis 4 Kohlenstoffatomen substituiert ist; und R 4 bis R 9 jeweils fur 
Wasserstoff stehen. 

lagerbestandige, schnefl aushartende Epoxyharz-Zusammensetzung nach Anspruch 2, wobei 
in der Verbindung der Formel (1)R 1 , R 2 und R 3 jeweils unabhangig voneinander stehen fur Wasserstoff; Alkyl mit 
1 bis 8 Kohlenstoffatomen; Phenyl; oder Phenylalkyl mit 7 bis 15 Kohlenstoffatomen oder das genannte Phenyl- 
alkyl, das durch 1 bis 3 Alkylgruppen mit 1 bis 4 Kohlenstoffatomen substituiert ist. 

Lagerbestandige, schnell aushartende Epoxyharz-Zusammensetzung nach Anspruch 4, wobei 
in der Verbindung der Formel (I) R 1 » R 2 und R 3 jeweils unabhangig voneinander stehen fur Wasserstoff; Alkyl mit 
1 bis 8 Kohlenstoffatomen; Phenyl; oder Phenylalkyl mit 7 bis 15 Kohlenstoffatomen oder das genannte Phenyl- 
alkyl, das durch 1 bis 3 Alkylgruppen mit 1 bis 4 Kohlenstoffatomen substituiert ist; und R 4 bis R 9 jeweils fur 
Wasserstoff stehen. 
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6. Lagerbestandige, schneN aushartende Epoxyharz-Zusammensetzung nach Anspruch 4, wobei 

in der Verbindung der Forme] (I) R\ R 2 und R 3 jeweils unabhangig vorteinander stehen fur Wasserstoff; Alky! mit 
1 bis 4 Kohlenstoffatomen Oder Phenyl 

7. Lagerbestandige, schnell aushartende Epoxyharz-Zusammensetzung nach Anspruch 6, wobei 

in der Verbindung der Formef (I) R 1 , R 2 und R 3 jeweils unabhangig voneinander stehen fur Wasserstoff; Alkyl mit 
1 bis 4 Kohlenstoffatomen Oder Phenyl; und R 4 bis R 9 jeweils fur Wasserstoff stehen. 

8. Lagerbestandige, schnei! aushartende Epoxyharz-Zusammensetzung nach Anspruch 6, wobei 

in der Verbindung der Forme! (I) R 1 fur Alky] mit 1 bis 3 Kohlenstoffatomen oder Phenyl; und R 2 und R 3 jeweils 
unabhangig voneinander fur Wasserstoff oder Alkyl mit 1 bis 3 Kohlenstoffatomen stehen. 

9. Lagerbestandige, schnell aushartende Epoxyharz-Zusammensetzung nach Anspruch 6, wobei 

in der Verbindung der Formef (I) R 1 fQr Alky! mit 1 bis 3 Kohlenstoffatomen oder Phenyl; R 2 und R 3 jeweils unab- 
hangig voneinander fur Wasserstoff oder Alkyl mit 1 bis 3 Kohlenstoffatomen und R 4 bis R 9 jeweils fQr Wasserstoff 
stehen. 

10. Lagerbestandige, schnell aushartende Epoxyharz-Zusammensetzung nach Anspruch 9, in der die Komponente 
(B) 1-{2-Methylimidazolylmethyl)-2-naphthol ist. 

11. Lagerbestandige, schnei! aushartende Epoxyharz-Zusammensetzung nach Anspruch 9, in der die Komponente 
(B) 1-{2-Ethy!-4-methylimidazolylmethyl)-2-naphthol ist 

12. Lagerbestandige, schnei! aushartende Epoxyharz-Zusammensetzung nach Anspruch 9, in der die Komponente 
(B) 1-(2-Propyfimidazolylmethyl)-2-naphthol ist, 

13. Lagerbestandige, schnell aushartende Epoxyharz-Zusammensetzung nach Anspruch 9, in der die Komponente 
(B) 1-(2-Phenylimidazoly!methyl)-2-naphthol ist. 

14. Lagerbestandige, schnell aushartende Epoxyharz-Zusammensetzung nach Anspruch 1, in der die Komponente 
(A) bei Raumtemperaturffussig ist. 

15. Lagerbestandige, schnell aushartende Epoxyharz-Zusammensetzung nach Anspruch 1, in der die Komponente 
(A) bei Raumtemperatur fest ist 

16. Lagerbestandige, schnell aushartende Epoxyharz-Zusammensetzung nach Anspruch 1 , die aufterdem einen Be- 
schleuniger, einen Weichmacher, ein zah machendes Agens, einen Flexibifisator, ein Pigment, ein Verstarkungs- 
mittel, einen Fulfstoff oder einen weiteren Harter enthalt. 

17. Gehartetes Harzprodukt, wie es nach dem Ausharten der Zusammensetzung nach Anspruch 1 erhalten wird. 

18. Verfahren zur Herstellung einer lagerbestandigen, schnell ausharteten Epoxyharz-Zusammensetzung, die bei ei- 
ner Tern peratur von etwa 110 bis 150°C aushartet, das umfaftt: 

die Zugabe einer Verbindung der Formel (I) zu einem Epoxyharz in einer Menge von 2 bis 25 Gew.-Teilen auf 100 
Gew.-Teile Epoxyharz: 
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J! 




R 7 



OH 



R 9 



(I) 



worin bedeuten: 

R 1 f R 2 und R 3 jeweils unabhanglg voneinander Wasserstoff; AJkyJ mit 1 bis 12 Kohlenstoffatomen; Cycloalkyl 
mit 3 bis 12 Kohlenstoffatomen oder das genannte Cycloalkyl, das durch Alkylgruppen mit 1 bis 4 Kohlenstoff- 
atomen substituiert 1st; Cycloalkyl-alkyl mit 4 bis 20 Kohlenstoffatomen oder das genannte Cycloalkyl-alkyl, 
das durch Alkylgruppen mit 1 bis 4 Kohlenstoffatomen substituiert ist; Aryl mit 6 bis 10 Kohlenstoffatomen 
oder das genannte Aryl, das durch 1 bis 3 Alkylgruppen mit 1 bis 4 Kohlenstoffatomen substituiert ist; Phe- 
nylalkyl mit 7 bis 15 Kohlenstoffatomen oder das genannte Phenyl alkyl, das durch 1 bis 3 Alkylgruppen mit 1 
bis 4 Kohlenstoffatomen substituiert ist; Alkenyl mit 3 bis 12 Kohlenstoffatomen; Alkinyl mit 3 bis 12 Kohlen- 
stoffatomen; aromatisches oder aliphatisches Acyl mit 3 bis 12 Kohlenstoffatomen; oder Alkyl oder Aryl mit 3 
bis 12 Kohlenstoffatomen, das eine Cyanogruppe oder Halogen enthalt; und 

R 4 , R 5 , R 6 , R 7 , R 8 und R 9 jeweils unabhangig voneinander Wasserstoff; Alkyl mit 1 bis 12 Kohlenstoffatomen; 
Cycloalkyl mit 3 bis 12 Kohlenstoffatomen oder das genannte Cycloalkyl, das durch Alkylgruppen mit 1 bis 4 
Kohlenstoffatomen substituiert ist; Cycloalkyl-alkyl mit 4 bis 20 Kohlenstoffatomen oder das genannte Cyclo- 
alkyl-alkyl, das durch Alkylgruppen mit 1 bis 4 Kohlenstoffatomen substituiert ist; Aryl mit 6 bis 10 Kohlenstoff- 
atomen oder das genannte Aryl, das durch 1 bis 3 Alkylgruppen mit 1 bis 4 Kohlenstoffatomen substituiert ist; 
Phenylalkyl mit 7 bis 15 Kohlenstoffatomen oder das genannte Phenylalkyl, das durch 1 bis 3 Alkylgruppen 
mit 1 bis 4 Kohlenstoffatomen substituiert ist; Alkenyl mit 3 bis 12 Kohlenstoffatomen; Alkinyl mit 3 bis 12 
Kohlenstoffatomen; Halogen; Alkoxy mit 1 bis 12 Kohlenstoffatomen; oder Hydroxy. 



Revendi cations 

1 . Composition de resine epoxy stable au stockage a durcissement rapide, comprenant 

A) une resine epoxy ; et 

B) une quantite, comprise dans I'intervalle de 2 a 25 parties en poids pour 100 parties de composant (A), d'un 
compose de formule (!) 
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dans laquelle 

R 1 , R 2 et R 3 sont chacun, independamment des autres, i'hydrogene ; un groupe alkyle de 1 a 12 atomes 
de carbone ; un groupe cycfoalkyle de 3 a 12 atomes de carbone ou ledlt groupe cycloafkyle substitue 
par des groupes alkyle de 1 a 4 atomes de carbone ; un groupe cycloalkylalkyte de 4 a 20 atomes de 
carbone ou fedit groupe cycloalkylalkyle substitue par des groupes alkyle de 1 a 4 atomes de carbone ; 
un groupe aryle de 6 a 10 atomes de carbone ou ledit groupe aryle substitue par 1 a 3 groupes alkyle de 
1 a 4 atomes de carbone ; un groupe phenylalkyle de 7 a 15 atomes de carbone ou ledit groupe pheny- 
I alkyle substitue par 1 a 3 groupes alkyle de 1 a 4 atomes de carbone ; un groupe alcenyle de 3 a 12 
atomes de carbone ; un groupe alcynyle de 3 a 12 atomes de carbone ; un groupe acyle aromatique ou 
aliphatique de 3 a 12 atomes de carbone ; ou un groupe alkyle ou aryle de 3 a 12 atomes de carbone 
contenant un groupe cyano ou un halogene ; et 

R 4 , R 5 , R 6 , R 7 , R 8 et R 9 sont chacun, independamment des autres, I'hydrogene ; un groupe alkyle de 1 
a 12 atomes de carbone ; un groupe cycloalkyfe de 3 a 12 atomes de carbone ou ledit groupe cycloalkyle 
substitue par des groupes alkyle de 1 a 4 4 atomes de carbone ; un groupe cycloalkylalkyle de 4 a 20 
atomes de carbone ou ledit groupe cycloalkylalkyle substitue par des groupes alkyle de 1 a 4 atomes de 
carbone ; un groupe aryle de 6 a 10 atomes de carbone ou ledit groupe aryle substitue par 1 a 3 groupes 
alkyle de 1 a 4 atomes de carbone ; un groupe phenylalkyle de 7 a 15 atomes de carbone ou ledit groupe 
phenylalkyle substitue par 1 a 3 groupes alkyle de 1 a 4 atomes de carbone ; un groupe alcenyle de 3 a 
12 atomes de carbone ; un groupe alcynyle de 3 a 12 atomes de carbone ; un halogene ; un groupe alcoxy 
de 1 a 12 atomes de carbone ; ou un groupe hydroxyle. 

Composition de resine epoxy stable au stockage a durcissement rapide selon la revendication 1, dans laquelle, 
dans le compose de formule (I), R 1 t R 2 et R 3 sont chacun, independamment des autres, I'hydrogene ; un groupe 
alkyle de 1 a 12 atomes de carbone ; un groupe phenyle ; ou un groupe phenylalkyle de 7 a 15 atomes de carbone 
ou fedit groupe phenylalkyle substitue par 1 a 3 groupes alkyle de 1 a 4 atomes de carbone. 

Composition de resine epoxy stable au stockage a durcissement rapide selon la revendication 2, dans laquelle, 
dans le compose de formule (I), R 1 , R 2 et R 3 sont chacun, independamment des autres, I'hydrogene ; un groupe 
alkyle de 1 a 12 atomes de carbone ; un groupe phenyle ; ou un groupe phenylalkyle de 7 a 15 atomes de carbone 
ou ledit groupe phenylalkyle substitue par 1 a 3 groupes alkyle de 1 a 4 atomes de carbone ; et R 4 a R 9 sont 
chacun I'hydrogene. 

Composition de resine epoxy stable au stockage a durcissement rapide selon la revendication 2, dans laquelle, 
dans le compose de formule {!), R 1 , R 2 et R 3 sont chacun, independamment des autres, I'hydrogene ; un groupe 
alkyle de 1 a 8 atomes de carbone ; un groupe phenyle ; ou un groupe phenylalkyle de 7 a 15 atomes de carbone 
ou ledit groupe phenylalkyle substitue par 1 a 3 groupes alkyle de 1 a 4 atomes de carbone. 

Composition de resine epoxy stable au stockage a durcissement rapide selon la revendication 4, dans laquelle, 
dans le compose de formule (I), R 1 3 R 2 et R 3 sont chacun, Independamment des autres, I'hydrogene ; un groupe 
alkyle de 1 a 8 atomes de carbone ; un groupe phenyle ; ou un groupe phenylalkyle de 7 a 15 atomes de carbone 
ou ledit groupe phenylalkyle substitue par 1 a 3 groupes alkyle de 1 a 4 atomes de carbone ; et R 4 a R 9 sont 
chacun I'hydrogene. 

Composition de resine epoxy stable au stockage a durcissement rapide selon la revendication 4, dans laquelle, 
dans le compose de formule (I), R 1 , R 2 et R 3 sont chacun, independamment des autres, I'hydrogene ; un groupe 
alkyle de 1 a 4 atomes de carbone ; ou un groupe phenyle. 

Composition de resine epoxy stable au stockage a durcissement rapide selon la revendication 6, dans laquelle, 
dans le compose de formule (I), R 1 , R 2 et R 3 sont chacun, independamment des autres, I'hydrogene ; un groupe 
alkyle de 1 a 4 atomes de carbone ; ou un groupe phenyle ; et R 4 a R 9 sont chacun I'hydrogene. 

Composition de resine epoxy stable au stockage a durcissement rapide selon fa revendication 6, dans laquelle, 
dans le compose de formule (I), R 1 est un groupe alkyle de 1 a 3 atomes de carbone ou phenyle ; R 2 et R 3 sont 
chacun, independamment de i'autre, I'hydrogene ou un groupe alkyle de 1 a 3 atomes de carbone. 

Composition de resine epoxy stable au stockage a durcissement rapide selon la revendication 6, dans laquelfe, 
dans le compose de formule (I), R 1 est un groupe afkyle de 1 a 3 atomes de carbone ou phenyfe ; R 2 et R 3 sont 
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chacun, independamment de I'autre, I'hydrogene ou un groupe afkyfe de 1 a 3 atomes de carbone ; et R 4 a R 9 
sont chacun I'hydrogene. 

1 0. Composition de resine epoxy stable au stockage a durcissement rapide seion fa revendicaiion 9, dans laquelle fe 
composant (B) est Je 1-(2-meihylimidazolylmethyf)-2-naphtol. 

11. Composition de resine epoxy stable au stockage a durcissement rapide seion la revendication 9, dans faquefle le 
composant (B) est le 1-(2-ethy]-4-methylimidazolyJmethyf)-2-naphtol. 

12. Composition de resine epoxy stable au stockage a durcissement rapide seion la revendication 9, dans laquelle fe 
composant (B) est le 1-{2-propylimidazolyl methyl )-2-naphtol. 

13. Composition de resine epoxy stable au stockage a durcissement rapide seion la revendication 9, dans laquelle le 
composant (B) est le 1 -(2-phenyli midazoly I methyl )-2-naphtol. 

14. Composition de resine epoxy stable au stockage a durcissement rapide seion la revendication 1, dans laquelle le 
composant (A) est liqurde a fa temperature ambiante. 

15. Composition de resine epoxy stable au stockage a durcissement rapide seion la revendfcatfon 1 1 dans laquelle le 
composant (A) est solide a la temperature ambiante, 

16. Composition de resine epoxy stable au stockage a durcissement rapide sefon la revendfcatfon 1 f comprenantde 
plus un acceferateur, un plastifiant, un agent de tenacity un assoupfissant, un pigment, une charge de renforce- 
ment ou un autre agent durcisseur 

17. Produit en resine durci obtenu apres durcissement de la composition de la revendication 1 . 

18. Procede de preparation d'une composition de resine epoxy stable au stockage a durcissement rapide qui durcit 
a une temperature d'environ 110 a 1 50°C, lequel procede consiste a ajouter a une resine epoxy 2 a 25 parties en 
poids, pour 100 parties de resine epoxy, d'un compose de formule (I) 
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dans faquelle 

R 1 , R 2 et R 3 sont chacun, independamment des autres, I'hydrogene ; un groupe alkyle de 1 a 12 atomes de 
carbone ; un groupe cycloalkyJe de 3 a 12 atomes de carbone ou ledit groupe cycloalkyfe substitue par des 
groupes alkyle de 1 a 4 atomes de carbone ; un groupe cycloalkyl alkyle de 4 a 20 atomes de carbone ou ledit 
groupe cycloalkyl alkyle substitue par des groupes alkyle de 1 a 4 atomes de carbone ; un groupe aryfe de 6 
a 10 atomes de carbone ou ledit groupe aryle substitue par 1 a 3 groupes alkyle de 1 a 4 atomes de carbone ; 
un groupe phenylalkyle de 7 a 15 atomes de carbone ou ledit groupe phenylalkyle substitue par 1 a 3 groupes 
alkyle de 1 a 4 atomes de carbone ; un groupe alcenyie de 3 a 12 atomes de carbone ; un groupe alcynyle 
de 3 a 12 atomes de carbone ; un groupe acyie aromatique ou aliphatique de 3 a 12 atomes de carbone ; ou 
un groupe alkyle ou aryle de 3 a 12 atomes de carbone contenant un groupe cyano ou un halogene ; et 
R 4 3 R 5 3 R 5 , R 7 , R 8 et R 9 sont chacun, independamment des autres, I'hydrogene ; un groupe alkyle de 1 a 12 




R 7 R8 
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atomes de carbone ; un groupe cycloalkyle de 3 a 1 2 atomes de carbone ou ledit groupe cycloalkyle substitue 
par des groupes alkyle de 1 a 4 atomes de carbone ; un groupe cycfoalfcylafkyle de 4 a 20 atomes de carbone 
ou ledit groupe cycloaJkylalkyle substitue par des groupes alkyle de 1 a 4 atomes de carbone ; un groupe aryfe 
de 6 a 10 atomes de carbone ou ledit groupe aryle substitue par 1 a 3 groupes alkyle de 1 a 4 atomes de 
carbone ; un groupe phenylalkyle de 7 a 15 atomes de carbone ou ledit groupe phenylalkyle substitue par 1 
a 3 groupes alkyle de 1 a 4 atomes de carbone ; un groupe alcenyle de 3 a 1 2 atomes de carbone ; un groupe 
alcynyle de 3 a 12 atomes de carbone ; un hafogene ; un groupe alcoxy de 1 a 12 atomes de carbone ; ou un 
groupe hydroxyle. 
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